Extra-anatomic aortic bypass via sternotomy for complex aortic arch stenosis in children  by Kanter, Kirk R. et al.
this group of problems, including percutaneous balloon
dilatation with or without stenting, resection of the nar-
rowed segment with direct reanastomosis, or patch aor-
toplasty. In addition, others have proposed the use of
tube grafts as interposition grafts, bypass grafts from
the aortic arch or subclavian artery to the descending
aorta (“bucket-handle” graft), or extra-anatomic grafts
from the ascending aorta to the descending aorta. Since
1985, we have selectively applied the technique of
extra-anatomic bypass grafting from the ascending
aorta to the descending aorta through a sternotomy; this
experience forms the basis of this report.
Patients and methods 
Patients.  From 1985 to 1999, a total of 19 children, aged 2
months to 18 years (mean 10.7 years) had an extra-anatomic
bypass graft for complex aortic obstruction. The initial aortic
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Objective: Recurrent aortic narrowing after repair of aortic coarctation or
interrupted aortic arch, as well as diffuse, long-segment aortic hypoplasia,
can be difficult to manage. Extra-anatomic ascending aorta–descending
aorta bypass grafting through a sternotomy is an alternative approach for this
problem.
Methods: Since 1985, 19 patients aged 2 months to 18 years (mean 10.7
years) underwent extra-anatomic bypass with 10- to 30-mm Dacron grafts.
The initial diagnosis was coarctation with hypoplastic arch in 15, interrupt-
ed aortic arch in 3, and diffuse long-segment aortic hypoplasia in 1.
Seventeen of the children had a total of 22 previous operations: transthoracic
interposition or bypass graft (n = 7), end-to-end anastomosis (n = 7), sub-
clavian arterioplasty (n = 6), and synthetic patch (n = 2). The mean time from
initial repair was 8.0 years (range 0.6-18 years). Three children had previous
sternotomies. Cardiopulmonary bypass was avoided in all but 6 patients (5
with simultaneous intracardiac repairs).
Results: No hospital or late deaths occurred. On follow-up from 4 months to
14.7 years (mean 7.9 years), no reoperations for recurrent stenosis were per-
formed. Two patients have arm-to-leg pressure gradients: 20 mm Hg at rest
in 1 patient and a 60–mm Hg systolic exercise gradient with no resting gra-
dient in the other. One patient required exclusion of an aortic aneurysm at the
old coarctation repair site 13 years after extra-anatomic bypass. Three chil-
dren had subsequent successful cardiac operations. 
Conclusions: Extra-anatomic bypass is an effective and relatively easy
approach for selected cases of complex or reoperative aortic arch obstruc-
tion. It should be considered as an alternative operative technique for com-
plex aortic arch reconstruction. (J Thorac Cardiovasc Surg 2000;120:885-90)
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problem was coarctation with hypoplastic aortic arch in 15
patients, interrupted aortic arch in 3, and diffuse aortic
hypoplasia in 1.
Seventeen (89%) of the 19 children had a total of 22 previ-
ous aortic operations: 7 transthoracic bypass grafts, 7 resec-
tions with end-to-end anastomosis, 6 subclavian flap aorto-
plasties, and 2 patch grafts. The interval from the initial aortic
procedure to the extra-anatomic bypass graft ranged from 7
months to 18 years (mean 8.0 ± 5.4 years).
Three patients had a total of 4 previous cardiac operations:
ventricular septal defect (VSD) closure and removal of a pul-
monary artery band in 1 child, VSD closure and resection of
subaortic stenosis in the second child, and VSD closure fol-
lowed by subaortic stenosis resection during a separate oper-
ation in the third child. An aortogram from a representative
case is shown in Fig 1.
Operative technique. Operative exposure is obtained
through a standard median sternotomy (3 patients had a sec-
ondary sternotomy due to prior heart surgery). The right ven-
tricle is retracted superiorly with pledget-supported stay
sutures and the posterior pericardium is incised longitudinal-
ly to obtain exposure to the descending thoracic aorta above
the diaphragm. The descending thoracic aorta is encircled for
safety. After heparinization (100 U/kg), a partial occlusion
clamp is applied and a large Dacron graft is anastomosed end
to side to the descending aorta with continuous polypropy-
lene suture (Fig 2). The sizes of the grafts ranged from 10 to
30 mm (median 20 mm).
After hemostasis has been achieved, the heart is returned to
its anatomic position, the graft is de-aired, and a generous loop
is created in the pericardial cavity anterior to the inferior and
superior venae cavae and lateral to the right atrium. Again, with
the use of a partial occlusion clamp and continuous polypropy-
lene suture, the proximal anastomosis is constructed on the right
lateral aspect of the ascending aorta with sufficient redundancy
in the graft to allow for growth (Fig 3). Finally, a right pleu-
ropericardial flap is tacked anterior to the graft to protect it dur-
ing any potential subsequent sternal re-entry.
Cardiopulmonary bypass (CPB) was not used in 13 (68%)
of the patients. Of the remaining 6 children, 5 had concomi-
tant cardiac surgery. This involved VSD closure and removal
of a pulmonary artery band in 2, aortic valvotomy in 1,
subaortic resection in 1, and repair of a partial atrioventricu-
lar septal defect in 1. CPB was used in only 1 child in whom
simultaneous cardiac surgery was not performed.
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Fig 1. Lateral aortogram of a 7-year-old girl who underwent
repair of a maximal coarctation (no communication between
the transverse aorta and descending aorta) and hypoplastic
aortic arch at 1 month of age. The initial repair involved peri-
cardial patch enlargement of the hypoplastic transverse aorta
and resection of the coarctation with end-to-end anastomosis
augmented with a left subclavian flap aortoplasty.
Recoarctation developed and responded to balloon dilatation
when she was 21⁄2 years of age. A recurrent long-segment
recoarctation developed distal to the left carotid artery, as
shown on this aortogram. Note that the left subclavian artery
has been used to augment the transverse aorta.
Fig 2. Operative technique. After sternotomy, the right ven-
tricle is retracted superiorly and the descending aorta is encir-
cled through an incision in the posterior pericardium. After
partial heparinization, the distal Dacron graft anastomosis is
performed with the aid of a partial occlusion clamp.
Fig 4, A, shows a frame from the preoperative angiogram
of a 2-month-old child with a partial atrioventricular septal
defect, pulmonary hypertension, a small left ventricle, and a
diffusely hypoplastic transverse aorta and descending aorta
with a 41–mm Hg systolic gradient from the left ventricle to
the femoral artery. He underwent repair of the partial atrio-
ventricular septal defect with placement of a 10-mm Dacron
graft from the ascending aorta to the descending aorta above
the diaphragm. Fig 4, B, shows a frame from a postoperative
aortogram in the same patient, demonstrating the widely
patent bypass graft and the diminutive native descending
aorta.
Results
No hospital or late deaths occurred. On follow-up
from 4 months to 14.7 years (mean 7.9 ± 5.0 years),
there have been no reinterventions for recurrent steno-
sis. One patient has mild systolic systemic hyperten-
sion. Two patients have arm-to-leg blood pressure gra-
dients: 20 mm Hg (11–mm Hg mean gradient by
Doppler echocardiography) at rest in 1 patient and a
60–mm Hg systolic exercise gradient with no resting
gradient in the other.
Four subsequent successful cardiac operations have
been performed in 3 children. One child had combined
mitral valve replacement and aortic valve replacement
by means of a Konno aortoventriculoplasty 11 months
after the aortic bypass graft. One child had closure of a
residual VSD 9.7 months after the bypass graft and
concomitant VSD closure. The third child had a com-
posite aortic root replacement 4.9 years after the aortic
bypass graft followed 2.2 years later by repair of pros-
thetic aortic valve insufficiency.
Only one subsequent aortic operation has been nec-
essary in this series. This patient underwent primary
repair of a tight, long-segment coarctation at 10.6
years of age; a 16-mm Dacron graft was inserted from
the transverse aortic arch to the descending aorta
through a left thoracotomy (“bucket-handle” graft).
At 14.5 years of age, because of a persistent trans-
verse aortic arch obstruction between the innominate
artery and the left carotid artery, a 22-mm Dacron
graft was constructed between the ascending aorta
and descending aorta through a sternotomy. Although
this graft successfully relieved the arch obstruction,
13.2 years later a large aneurysm developed at the
proximal suture line of the bucket-handle graft near
the original coarctation site. Since the extra-anatomic
bypass graft from the ascending aorta to the descend-
ing aorta was widely patent, it was a relatively simple
matter to exclude the aneurysm through a secondary
thoracotomy without significant concern about spinal
cord ischemia or renal perfusion.
Discussion
Bypass grafts for relief of primary or recurrent aortic
arch obstruction have been used with a variety of tech-
niques. In 1973, Weldon and associates1 described the
construction of a tube graft from the transverse aorta to
the descending aorta through a redo thoracotomy to
bypass a recurrent coarctation in 4 children (the buck-
et-handle graft). This technique has been widely
applied with good results,2,3 although it does not ade-
quately address the problem of narrowing of the proxi-
mal aortic arch4 and it still requires a redo left thoracot-
omy.
In 1974, Siderys and coworkers5 reported the case of
a 46-year-old woman with coarctation and a dense left
fibrothorax due to tuberculosis. They fashioned a tube
graft from the ascending aorta to the infrarenal
descending aorta through a combined median sternoto-
my and laparotomy incision, successfully bypassing
the coarctation segment. This technique of ascending
aorta–infrarenal abdominal aorta bypass has been
applied to a variety of aortic problems6-8 and has even
been performed in conjunction with aortic root replace-
ment in the face of interrupted aortic arch in the adult.9
Disadvantages of this technique are related to the long
graft necessary to reach the infrarenal abdominal aorta
and the need for an additional laparotomy incision.
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Fig 3. Operative technique (continued). The Dacron graft is
brought lateral to the right atrium and anterior to the inferior
and superior venae cavae. The proximal graft anastomosis is
constructed on the ascending aorta with the aid of a partial
occlusion clamp.
A variation of the ascending aorta–infrarenal abdom-
inal aorta bypass graft was described by Wukasch and
colleagues10 in 9 patients in whom the distal anastomo-
sis was made to the supraceliac abdominal aorta. This
procedure has not been adopted widely11-13 and also has
the disadvantage of needing an additional laparotomy.
This current series outlines our results with extra-
anatomic bypass grafting from the ascending aorta to
the descending aorta solely through a sternotomy inci-
sion for complex aortic problems. A modification of
this technique was first described by Edie and cowork-
ers2 in 4 patients with recurrent coarctation. However,
their method used a separate left thoracotomy for the
distal aortic anastomosis followed by a sternotomy for
the proximal anastomosis. The graft was routed anteri-
or to the hilum of the left lung to the left lateral aspect
of the ascending aorta. The late results in children treat-
ed with this technique have been good.14
Vijayanagar and colleagues15 were the first to
describe performing the ascending aorta–descending
aorta bypass entirely through a sternotomy incision.
However, they brought the distal graft anterior and to
the left of the heart, anastomosing it to the descending
aorta through the left pleural space, while the patient
was being supported with CPB for a concomitant aor-
tic valve replacement. Similarly, Barron and associ-
ates,16 at the time of intracardiac repair on CPB, con-
structed an ascending aorta–descending aorta bypass
graft for recurrent coarctation in 2 children; they also
used a different method of routing the distal conduit
from that used by us.
Powell, Adams, and Cooley17 first described the
exact technique for ascending-descending bypass graft-
ing used in our series in 4 adults aged 19 to 70 years
undergoing simultaneous valvular heart surgery. This
strategy of bypassing the coarctation with an extra-
anatomic ascending-descending graft at the time of
repair of heart defects with CPB has been used by oth-
ers,18,19 as well as in 5 patients in our series.
In patients who have isolated complex aortic obstruc-
tion or recurrent coarctation without defects requiring
simultaneous cardiac repair, the extra-anatomic bypass
graft can be constructed with the aid of CPB as
described by Heinemann and associates12 and used in 1
patient in our series. In the majority of cases, however,
this graft can be placed without the use of CPB as
described by Sweeney,3 Grinda,4 and their colleagues
and as was done in 13 of our patients.
An alternative approach to extra-anatomic bypass
grafting from the ascending aorta to the descending
aorta for aortic arch problems can be achieved through
a right thoracotomy.20-24 Although this approach was
not used in our series, it too has the advantages of
avoiding a redo left thoracotomy, good access to the
aorta well proximal and well distal to the diseased aor-
tic segment, and ease of performance without the aid of
CPB. Naturally, for simultaneous intracardiac repair,
the right thoracotomy approach is less attractive than a
sternotomy incision.
In summary, in this series of 19 children with com-
plex aortic obstruction, we have found extra-anatomic
bypass grafting from the ascending aorta to the
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Fig 4. A, Right anterior oblique left ventriculogram of a 2-month-old child with a partial atrioventricular septal
defect showing a diffusely hypoplastic transverse and descending aorta. B, Postoperative anteroposterior aortogram
showing a widely patent bypass graft (white arrowheads) and an extremely diminutive native descending aorta
(black arrows) traversed by the angiography catheter.
A B
descending aorta through a sternotomy to be a relative-
ly simple, safe, and effective solution, with no mortali-
ty and no need for reintervention on follow-up.
Concerns about spinal cord ischemia and renal perfu-
sion, particularly in the face of absent or underdevel-
oped collateral arterial supply to the distal aorta, are
very much minimized with this technique.
Furthermore, the phrenic and recurrent laryngeal
nerves are not placed in jeopardy as they would be with
a redo left thoracotomy. Although concomitant cardiac
repair can be accomplished during this same operation,
as was done in 5 patients, we have found that CPB was
typically unnecessary for isolated aortic problems.
Also, if the graft is protected with a pleuropericardial
pedicle, subsequent cardiac operations through a ster-
notomy can be performed quite safely, as was done in
4 instances in this series.
Finally, we must stress that this surgical technique
is not our first choice for recurrent aortic obstruction.
Techniques of percutaneous balloon dilatation for
recurrent arch obstruction have yielded excellent
results25 and are currently our first treatment option
(if feasible). In those patients requiring reoperation,
we still prefer to avoid the use of bypass grafts. We
prefer resection of the affected area with primary
anastomosis or even patch aortoplasty.26 It is only in
selected patients that we apply this technique of
extra-anatomic bypass—patients with complex aortic
obstruction or hypoplasia in whom other more tradi-
tional techniques seem less likely to succeed, those
with underdeveloped collateral vessels, or those who
need concomitant cardiac repair. In these patients,
the technique used in this series is a valuable addition
to the surgical repertoire for the management of com-
plex aortic problems.
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Discussion
Dr John J. Lamberti (New York, NY). We share the
authors’ enthusiasm for the selective use of this technique in
patients with complex abnormalities of the transverse arch
and descending aorta. In our hands, the patient has almost
always had a graft in the left side of the chest before we
would use the anterior approach. We prefer to make the ante-
rior operation the last operation on the aorta if possible. Our
experience spans approximately the same period as the
authors’, and we have very similar results. 
We have usually placed the distal anastomosis below the
diaphragm in the supraceliac abdominal aorta, as I think was
originally described by the Texas Children’s group. This does
necessitate extending the sternotomy incision into the upper
abdomen, dividing the linea alba, and taking down the left
lobe of the liver. The authors’ approach clearly has merit, and
I will consider it the next time I encounter a candidate for this
type of operation. In our series, patients who had previously
had a graft placed for interrupted aortic arch had a small
ascending aorta. I think partial bypass is useful to facilitate
placement of the partial clamp in these patients lest the prox-
imal anastomosis become kinked (which we have seen in at
least 1 patient). 
The median size of the grafts was 20 mm. What would you
recommend as the next operation for the smaller patients who
are destined to outgrow the graft, and are you concerned that
the graft will tether the aorta as these patients complete their
somatic growth? 
You described 4 intracardiac operations after implantation
of the bypass graft. Did you encounter difficulty placing the
aortic crossclamp? When you are dealing with this type of
aortic arch and you know the patient has a bicuspid aortic
valve, it becomes like a chess game or a billiard match,
wherein you are lining up your next shot or move as you treat
the problem at hand. Do you have any technical suggestions
for the positioning of the graft when you know that you are
likely to be coming back to operate on the aortic root?
Dr Kanter. As we mentioned, only 3 patients had an inter-
rupted aortic arch, but in those 3 we did not have much diffi-
culty with the proximal anastomosis because of the size of the
aorta. 
The next operation in the smaller children is problematic.
As I pointed out, the majority of these children were in the
older age group and our hopes are that this operation will be
their last operation. For the next operation, I think it would be
necessary to enter the left side of the chest again or to replace
the graft from the front. 
Does it tether? That certainly is a concern. Again, I would
not apply this technique to younger children, but we do try to
allow sufficient redundancy to avoid problems. During reop-
erations, the placement of the clamp was individualized. In
fact, in 1 child I actually used the graft itself for aortic can-
nulation and that worked out quite well. The aorta always
must be clamped proximal to the graft, but that can be diffi-
cult with extra-anatomic bypass grafts, particularly during
aortic operations. 
Dr Pedro J. del Nido (Boston, Mass). My question is a
technical one. With this procedure, you are now doing the
anastomosis anteriorly, placing that graft very close to the
esophagus, if not abutted against it. The late complications of
aorta-esophageal fistula, which are obviously very serious,
could occur here. Do you do anything special to try to sepa-
rate the esophagus from the prosthetic graft, which is rubbing
against it? 
Dr Kanter. I had not even thought of that complication.
Dr del Nido. It is a described complication for a thoracic
aorta graft. You have described a graft that, rather than being
placed through a left thoracotomy away from the esophagus,
is placed through a sternotomy much closer to the esophagus.
That would be my concern. 
Dr Kanter. The direct answer to your question is no, we
have not done anything to protect the graft from the esopha-
gus. We ought to. 
Dr Joseph J. Amato (Chicago, Ill). As the authors have
indicated by this new approach, many roads lead to Rome and
the aorta can be reached from alternative locations. It would
seem that the aorta would naturally lie in a more anatomic
position when approached through the left side of the chest. I
question the hesitation to use the standard approach.
Like Dr del Nido, I worry about the proximity of the graft
to the esophagus, the risk of erosion of the esophagus, and the
fixed length of a graft placed in a 7-year-old who will grow
to adulthood. I am concerned also that the aorta will be dis-
torted by the graft as the child grows.
Dr Kanter. Are you asking why we do not make our
approach through the left side of the chest?
Dr Amato. Yes.
Dr Kanter. The answer is, ease of access to the ascending
aorta. The operation certainly can be done through the left
side of the chest, but our philosophy was to avoid a second
thoracotomy. Approaching the ascending aorta through the
right side of the chest also allows easy access to the descend-
ing aorta.
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